cardial, and sometimes with pericardial, involvement, but not atherosclerotic in origin' (Goodwin et al. 1961 ). This condition may occur with heredofamilial neuromyopathic disorders, particularly Friedreich's disease, dystrophia myotonica and the nonmyotonic muscular dystrophies which include the various forms of Duchenne's pseudohypertrophic muscular dystrophy, the limb-girdle dystrophy of Erb, and facioscapulohumeral dystrophy.
Three examples have been chosen to illustrate the common presenting symptoms of heart disease in these circumstances.
Case 1 A woman of 36 with Friedreich's disease had when first seen, no clinical abnormality in the cardiovascular system, but the electrocardiogram showed a prolonged PR interval of 0.22 sec and there was a partial right bundle branch block ( Fig 1A) . One year later she presented as an emergency with multiple Adams-Stokes attacks from complete heart block. The situation was controlled by artificial pacing and the Fig IB) . From the cardiovascular point of view she has remained stable for the past five years. The heart has not enlarged (Fig lc) , there has been no cardiac failure, but she still has an idioventricular rate (unpaced) ofless than 20 beats per minute. Case 2 A man with dystrophia myotonica presented at the age of 40 with cardiac failure and an electrocardiogram with normal intraventricular conduction and a mean QRS axis of -45° (Fig 2A) . Cardiac failure persisted in spite of treatment and four years later he had a florid left bundle branch block, indicating progressive disease ofthe conducting tissue ( Fig 2B) . Case 3 A girl of 16 presented with multiple Adams-Stokes attacks, from which she died. On admission: Semicomatose; slight wasting of shoulder girdle muscles was noted. When the state of consciousness improved, left-sided ptosis was evident and the diagnosis offacioscapulohumeral dystrophy was made. At necropsy the heart weighed 400 g and the diagnosis of a cardiomyopathy was confirmed (Fig 3) .
These examples show how a cardiomyopathy may present, either with an abnormal electrocardiogram in a patient without clinical evidence of heart disease (Case 1), or with cardiac failure (Case 2), or with a rhythm disturbance such as Adams-Stokes attacks (Case 3). The cardiac disease is progressive, affecting both conducting tissue and myocardium, so the march of events can often be predicted, as shown schematically in Fig 4. The most frequent cardiological finding in the neuromyopathic disorders is an abnormal electrocardiogram in a patient without cardiac symptoms. Disturbances of repolarization, intraventricular conduction defects, and first or second degree heart block are common. Specific electrocardiographic abnormalities have been reported in pseudohypertrophic muscular dystrophy, which include tall R waves in the right chest leads and deep narrow Q waves in the left chest leads (Perloff 1966 et al.) . Similar changes, however, are sometimes found in other forms of cardiomyopathy without neuromyopathic disease, and probably indicate no more than biventricular hypertrophy.
Dysrhythmias are also common. Sudden death from asystole, ventricular fibrillation, or atrioventricular dissociation with a very slow ventricular rate may be the first indication that the heart is involved. In addition, patients with neuromyopathic disease may develop any form of nonfatal dysrhythmia, particularly ectopics (atrial and ventricular) and supraventricular tachycardia. Cardiac failure is less frequent and tends to occur late in the natural history of the disease. This is explained by the diffuse nature of the pathology which affects both conducting tissue and myocardium. Only a small part of the former has to be damaged before electrocardiographic abnormalities or a dysrhythmia occur, whereas extensive myocardial damage has to be sustained before clinical cardiac failure appears.
The relative rarity of cardiomyopathy and neuromyopathic disease makes it difficult to determine the frequency of cardiac disorders, but it varies in each neurological group (Perloff et al. 1966 , Perloff 1971 and Table 1 is based on Perloff's work. When electrocardiographic abnormalities or clinical manifestations of heart disease occur they tend to have a common pattern, irrespective of the underlying neurological disorder. This is in keeping with the pathological findings, described by Dr Olsen (below).
Cardiomyopathy and Neuromyopathic Disorders: Pathological Aspects
The heart may become involved in neurological disease, but the pathogenic mechanism of this is still poorly understood. I shall describe pathological findings in the three clinical groups discussed by Dr Emanuel (page 939). The heart at autopsy is usually heavier than normal and weights of 255-730 g have been recorded, including childhood cases (Hewer 1969). On macroscopic examination there are no pathognomonic features to be seen. The ventricular walls are hypertrophied, often considerably exceeding the normal measurements (upper limit of normal: left ventricle 14 mm, right ventricle at 'Present address: National Heart Hospital, London WlM 8BA
